. Applied Biological Research 24(3): 388-393; (2022) SHORT COMMUNICATION
DOI: 10.5958/0974-4517.2022.00043.X

ASSESSMENT OF CYTOGENOTOXICITY INDUCED BY LEAD ACETATE
ON ROOT TIP CELLS OF ONION (Allium cepa L.)

Rahul Nayan”and Ashok Kumar Thakur

Department of Zoology, T.M. Bhagalpur University, Bhagalpur - 812 007, Bihar (India)
*e-mail: rahulnayan1993@gmail.com, drashokthakur1963@gmail.com

(Received 6 February, 2022; accepted 4 June, 2022)

ABSTRACT

The aim of present study was to assess the cytotoxic and genotoxic potency
of lead acetate using an Allium root tip bioassay. Root tips of Allium cepa
L. were treated with different concentrations of lead acetate viz., 0.03, 0.06,
and 0.09 mg mL™* of lead acetate for 48 h. Mitotic index (MI), phase index
(PI), and total chromosomal abnormalities (TA) were calculated. The
effect of lead acetate was found to be dose-dependent. The frequency of Ml
ranged from 8.4 to 5.7%, Pl of prophase from 4.2 to 3.4%, Pl of
metaphase from 1.14 to 1.11%, PI of anaphase from 1.8 to 0.6%, and P1 of
telophase from 1.1 to 0.4%. The total chromosomal abnormality (TA)
ranged from 0.42 to 1.39%. The differences between the averages of all the
studied properties were significantly affected by the heavy metal lead
acetate concentration variant applied. Mitotic observation showed that
increasing of concentration variants doses decrease mitotic index and
increased chromosomal abnormality percentage. Various types of
physiological and clastogenic (laggard, stickiness, abnormal metaphase,
chromatin bridge, and delayed anaphase were observed in Allium cepa
root tip cells. Moreover, the A. cepa root tip bioassay method gives critical
data for evaluating an agent's action mechanisms and impacts on genetic
material.
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mitotic index

INTRODUCTION

Heavy metal contamination in biosphere has shown increase during past few decades (Jarup, 2003).
Most heavy metals have the potential to induce mutation and are frequently referred as
environmental mutagens, carcinogens and clastogens. Lead is a major environmental mutagen and
carcinogens; and reportedly induces various mutagenic, carcinogenic, and clastogenic effect in both
plant and animals (Tchounwou et al., 2012). Lead has drawn the attention of scientific fraternity
due to its toxic nature and widespread use in different commercial products and industries related to
food containers, paints, batteries, cosmetics, etc. (Kumar et al., 2015). The genotoxic effect of lead
depends on its concentration and duration of exposure (Jaishankar et al.,2014). Hence, it is
necessity to assess the cyto-genotoxicity induced by lead.

In different species of higher plants, Allium cepa, A. sativum, Zea mays, Hordeum vulgare
and Tradescantia have been used to evaluate the chromosomal anomalies (Enan, 2009). But A. cepa
(onion) is regarded as the most favourable plant for assessment of chromosomal anomalies,
probably due to the presence of good chromosomal condition, such as large chromosome and
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reduced number (2n = 16) (Leme et al., 2009). The A. cepa root chromosomal anomalies assay is
widely used to determine cyto-genotoxicity induced by heavy metals (Wijeyaratne, 2020). A. cepa
test has also been used for screening and assessing the cytotoxicity and genotoxicity (Saxena et al.,
2010, Mesi et al., 2014; Denath et al., 2016; Kumari et al., 2019). Therefore, the present work was
aimed to screen and assess the cytotoxicity and genotoxicity induced by lead on A. cepa (onion) tip
root cells at different concentration variant of lead acetate.

MATERIALS AND METHODS

Lead acetate was mixed with distilled water and its genotoxic effect were investigated by Allium
root tip bioassay (Leme et al., 2009). Three concentrations of lead (I1) acetate trihydrate 0.03, 0.06,
and 0.09 mg mL™* were prepared in distilled water in different beakers. Average-sized healthy,
mature purple colour onion weighing 15-20 g were obtained from local market Bhagalpur (India).
The outer dead scales of bulb were removed by scalpel without damaging the roots primordia to
promote the growth of new roots. Allium cepa bulbs (5 each) were directly placed in different
solutions of lead acetate and allowed to germinate at a room temperature for 48 h. The roots
produced were protected from direct sunlight. After the completion of 48 h treatment duration, the
bulbs were removed, washed in distilled water and roots cut and fixed in Farmer’s fluid (glacial
acetic acid and ethanol in 1:3 ratio) for 24 h and then preserved in 70% ethanol. For chromosomal
screening the preserved root tips were transferred in test tube with acetocarmine solution and
warmed gently for 8-10 min and subsequently processed for cytological study by acetocarmine
stain (0.5%) squash technique (Firbas -2017). The squash preparation was examined under a
compound microscope at 40X and Screening of total cells was done by image J cell counter
software (Grishagin, 2014).

The cyto-genotoxic analysis consisted of assessing the mitotic index percentage (MI1%), phase
index percentage (P1%) and total abnormality percentage (TA%). The mitotic index (MI), phase
index (PI) and total abnormality (TA) were calculated as per the methods of Kpancasakti et al.,
(2012), Smail (2020), Shrivstava et al. (2020) and Verma et al. (2020). Various formulae used to
calculate them were:

Total No. of dividing cells

Mitotic index [MI (%)] = x 100

Total No.of cells counted

Total No. of abnormal cells

Total abnormality [TA (%)] = x 100

Total No.of cells counted

Total No. of cells in a particular phase

x 100

Phase index [Pl (%)] =

Total No.of cells counted

The results for each variant of treatment in these experiments were represented as an average of five
experiments, and the mean values and standard error were calculated using Microsoft excel 209.

RESULTS AND DISCUSSION

Effect of lead acetate on mitotic index

Lead acetate treatment to Allium sp. revealed dose- and duration-dependent decrease in the mitotic
index i.e. as the concentration of lead acetate increased the MI percentage of Allium cepa decreased
as compared to the control (Table 1; Fig. 1). Mitotic index was 11.6% in control while mitotic index
in lead acetate treatments of 0.03, 0.06 and 0.09 mg mL™* was 8.4, 6.2 and 5.7% respectively.
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Table 1: Effect of lead acetate on mitotic index and genotoxic effect on root tip cells of Allium cepa

Concentration of lead Total No. of cells  Total No. of  Total No. of Mean + S.E
-1 T . ey I o.

acetate (mg mL™) counted dividing cells  non-dividing cells

0.00 (Control) 698 81 617 11.60+£1.20

0.03 700 59 641 8.4+1.04

0.06 683 43 640 6.2 £0.92

0.09 719 41 678 5.7+0.86

Effect of lead acetate on total 14

abnormality in chromosomes 11.6

Lead acetate treatment revealed — 12

significant concentration- & dose- &I 10 T84

duration dependent increase in the 3 s »

percentage of total abnormality £ 6.2

percentage of Allium. Treatment of 21 6

lead acetate showed that TA 2| 4 >

increased with increase in lead = 5 1,39

acetate concentration. The overall -

maximum TA was 1.39% at 0.09 mg 0

mL? and minimum of 0.42% at 0.03 0 0.03 0.06 0.09

mg mLY) (Table 2; Fig. 2). The total
chromosomal abnormality (TA)
ranged from 0.42 to 1.39% on
different concentrations of lead Fig. 1: Frequency of MI (%) at different concentration of
acetate. lead acetate

| Concentration variant (mg mL’) |

Table 2: Status of phase index (%) of different stages of mitosis distribution and genotoxic
effect of lead acetate (duration of treatment 48 h).
Conc. of Prophase Metaphase Anaphase Telophase TAP
I(fﬁg ?ﬁ%te No. Mean+SE No. Mean+SE No. Mean+SE No. Mean+*SE No. Mean+SE
Control 42 6.0x089 4 200+£052 15 21+054 10 14+044 O 00

0.03 30 42+075 8 114+040 13 18+050 08 1.1+039 3 042024
0.06 26 3.8+x073 9 130+043 04 05+026 04 05+026 8 117+0.44
0.09 25 34+067 8 111+039 05 06+028 03 04+023 10 1.39+0.43

* TAP — Total abnormalities percentage.

Effect of lead acetate on phase indices 16

Lead acetate treatment caused 4 139

significant dose- and  duration-
dependent changes in the prophase
index of Allium. Maximum percentage
of phase index at was observed in
control and minimum in higher

1.17
12
. .
0.8

: : 0.6

concentration.  Prophase index in 0.42

control was 6.0% and at higher 0.4

concentration 3.4%. (Table 2; Fig. 3). 0.2 0

The metaphase index in control was 0

0 0.03 0.06

2.0% and at higher concentrations,
Anaphase index in control was 2.1%
and at higher concentration was 0.6%. | Concentration variant (mg mL)|

Telophase index in control was 1.4% ] ]
and at higher concentration 0.4%. In Fig. 2: Fregency of TA (%) at various concentrations of lead

|Tota| abnormalities (%) |

0.09
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Fig. 4: Effect of lead acetate on the root tip cells of onion (Allium cepa); A: Improper
metaphase, B: Chromosome bridge, C: Laggard, D: Improper anaphase, E: Stickiness

present study the potential cytotoxic and genotoxic effects of lead acetate on Allium cepa root tip
was observed as well as various types of physiological and clastogenic (laggard, stickiness,
abnormal metaphase, chromatin bridge and delayed anaphase) were noticed in Allium root tip cells.
These results are in agreement with Vazhangat et al. (2016) and Sabeen et al. (2020).

Conclusions: The present study provides information about the cytotoxic and genotoxic effects of
lead acetate on mitotic index and changes in chromosomal abnormalities an Allium cepa root tip
bioassay. The result revealed the health and environmental risks by heavy metal discharge into the
water bodies and soil. The Allium cepa root tip bioassay may serve as an integral tool to evaluate
and monitor the quality water bodies. Furthermore, the Allium cepa test method gives critical data
for evaluating an agent's action mechanisms and impacts on genetic material (mutagenic and/or
clastogenic effects). Despite all of the benefits that the Allium cepa test system provides, it has been
frequently utilized to investigate the effects of xenobiotics, establishing itself as a major tool for
environmental monitoring studies with positive findings.
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